The maturity of two selections of soursop (G1 and G2) from Nayarit, Mexico, was evaluated under environmental conditions at 22 ∘ C and refrigeration at 15 ∘ C stored for 6 and 8 days, respectively. Maximum CO 2 and ethylene values were present on the fifth and sixth day. The fruits exposed at 15 ∘ C had a significantly lower weight loss (5%) and showed no chilling injury. The firmness of two selections decreased more than 90%. The concentration of TSS increased to 5.3 to 15 ∘ Brix, and the titratable acidity was higher for fruit stored at 22 ∘ C. The highest concentration of phenols was recorded on the fourth day of storage at 22 ∘ C. The enzymatic activity of PPO was increased from physiological ripening to consumption ripening for both treatments. The two selections stored at 22 ∘ C registered the highest level of PME activity at ripeness. Shelf life was increased by up to 8 days (4 days at 15 ∘ C plus 4 days at 22 ∘ C) without causing chilling injury or alterations in the ripening process of the fruits. No significant differences were observed between the two selections evaluated; postharvest handling was considered to be similar; however, it would be advisable to evaluate other technologies combined with refrigeration.
Introduction
The soursop (Annona muricata L.) is a fruit tree native to tropical America [1] . Morton [2] and Paull and Duarte [3] suggest that it originated in the Caribbean and the northern region of South America. It is currently found from South Eastern China to Australia, as well as tropical areas of Africa [2] . Due to its organoleptic properties, the fruit of the soursop is considered suitable for both processed and fresh local consumption [3] . It is farmed extensively in Mexico, from Sinaloa to Chiapas in the Pacific region and from Veracruz to Yucatán in the Gulf region, and in other countries such as Brazil and Venezuela [3] . In Mexico in 2013, soursop was farmed over approximately 2724 ha, with an average yield of 8.5 t ha −1 and a total production value of close to 105 million pesos [4] . Approximately 73% of the surface area dedicated to the farming of the soursop in the country is found in the state of Nayarit [4] . Soursop is exported throughout the year, and an increase in the levels of average fresh consumption has been observed in the market [5] .
The taste of the soursop fruit results from the combination of sugars and acids (0.65-0.85%), with its pulp containing 1% protein, 18% carbohydrates, 1% fiber, vitamins B1, B2, and C, and phenols, flavonols, and acetogenins [5, 6] . The compounds mentioned at the end of the above list are associated with the prevention of conditions related to free 2 Journal of Food Quality SN = seed number; SW = seed weight (g); PW = peel weight (g); PW 1 = pulp weight (g); L * = luminosity (0: white, 100: black); C * = chromaticity (grey); h = hue angle (0: red; 180: green); M = mass (g); TSS = total soluble solids ( ∘ Brix); TA = titratable acidity (%).
radicals [7] . However, it is important to mention that research indicates that frecuent consumption of the fruit or other parts of the soursop tree (leafs, bark, and seeds) can have a harmful effect on human health [8, 9] . The soursop fruits, when harvested and ripened at room temperature, may reach consumer maturity in 2, 3, or up to 7 days depending on the maturation stage in which they were harvested [1, 10] . A service life of between 4 and 8 days for soursop fruit ripened at 25 ∘ C has been reported in Nayarit [11, 12] , denoting a highly perishable product. TovarGómez et al. [13] describe a postharvest loss of 60% due to the perishable nature and the physical fragility of this fruit, causing the exportation of the soursop to be undertaken on the day of harvest via airplane at a temperature of 13 ∘ C, which has proven very costly.
Refrigeration is the most important postharvest technology for maintaining quality and reducing the speed of the deterioration of harvested horticultural products, as it is widely accepted that the speed of postharvest deterioration is closely related to the speed at which the product respires, which is itself dependent on temperature [14] . Little information is available on the refrigeration temperatures required for increasing the shelf life of the soursop. Thus, working with fruits from La Peñita de Jaltemba, Nayarit, Mexico, CastilloAnimas et al. [15] recommend the storage of fruits of a light green color with a changing-firm texture in between 12 and 18 ∘ C. Lima and Alves [5] indicate that, in Brazil, fruits stored at 15 ∘ C require 9 days to ripen.
Soursop fruit harvested in El Tonino, Nayarit, and stored at 16
∘ C with the application of 1-methylcyclopropene (1-MCP) require between 8 and 9 days to ripen [11] . The studies undertaken in Mexico do not indicate the variety of plant or the type of vegetable material used in the evaluation, which is attributed to the fact that, currently, there are no varieties of the soursop, for which reason, all studies were undertaken with fruit originating from seed-propagated trees.
Recently, Jiménez-Zurita et al. [16] carried out a morphological and chemical characterization of fruits originating from ungrafted trees in Tepic, Nayarit. The results helped to separate four groups of trees, where the principal variables assisting their formation were the mass, dimensions, and color of the epidermis. The formation of groups indicates a variability in the morphological and chemical characteristics of the fruit, for which it is necessary to study the postharvest physiology and biochemistry of this fruit in order to devise adequate postharvest handling. Differences are known among cultivars within the same species in terms of chemical characteristics, such as sugar content [14] . Studies on the refrigeration of the soursop have evaluated basic postharvest physiological and biochemical characteristics, such as respiration, the production of ethylene, titratable acidity, total soluble solids, and firmness [5] . However, the metabolism of phenols and the enzymatic activity of both polyphenol oxidase and pectin methylesterase has been explored little. The large part of the biochemical changes produced in the fruit are caused by enzymes, which are responsible for ripening it, as well as the formation of its sensory characteristics and senescence. The enzyme polyphenol oxidase (EC.1.14.18.1; PPO) is important in the oxidative degradation of phenolic compounds in terms of quality, in that it leads to darkening through the catalyzation of two different reactions in the presence of molecular oxygen: (a) the hydroxylation of monophenols to ortho-diphenols and (b) the oxidation of ortho-diphenols to ortho-quinones [17, 18] .
Loss of firmness is observed to be influenced by the enzyme pectin methylesterase (EC. 3.1.1.11; PME), which is related to the degradation of the pectin substances of the middle lamella of the cellular component of the cellular wall [19] .
The objective of this research was to characterize the physicochemical and biochemical changes occurring in two selections of soursop fruit during postharvest cold storage to obtain information that may help to increase its shelf life and facilitate its potential commercialization as a fresh product.
Materials and Methods
Fruit was harvested in two selections (G1 and G2) in July 2015 from ungrafted trees in a 15-year-old orchard in Tepic, Nayarit, Mexico (21 ∘ 32 2.77 N, 104 ∘ 58 39.73 O, 893 msnm) [16] . The fruit in selection G1 had low acidity, a higher pH, and intermediate total soluble solid values ( Table 1 ). The fruit in selection G2 demonstrated higher seed numbers, total mass, peel, and pulp mass, in addition to a higher titratable acidity value (Table 1) .
A harvest index reported by the producer was used, which counts 160 days after anthesis, when the fruit acquires a light green or yellowish color [20] . The fruit selected did not present physical or pathogenic damage. The harvest was carried out between seven and eight a.m., with the fruit then placed in plastic boxes and taken by land transport to the Agricultural Production Laboratory of the Faculty of Agricultural and Livestock Sciences at the Autonomous University of the State of Morelos. Two selections of soursop and two storage temperatures (15 and 22 ∘ C) were evaluated. A total of thirty-six soursop fruits per selection were acclimatized for 1 h at room temperature (22 ∘ C) and then placed in controlled temperature chambers (OLG HOT TEMP No. OLG-800D).
Four treatments were designed: (1) selections G1 and G2 stored at 22 ∘ C, with 85% RH for 8 days; (2) selections G1 and G2 stored at 15 ∘ C for 4 days and at 22 ∘ C for 4 days, with 85% RH. Temperature and relative humidity were monitored with a Data Logger (HOBO U12).
Daily nondestructive analysis was conducted on a group of six fruits per treatment for the loss of mass, respiration and ethylene production variables. Destructive analysis was used to determine firmness, total soluble solids, titratable acidity, phenolic compounds, the enzymatic activity of polyphenol oxidase, and pectin methylesterase at the beginning of the experiment, on the 4th and 6th days, when the fruit was being kept at 22 ∘ C and when the fruit was removed from storage at days 0 and 4. The experimental design was randomized and the experimental unit was one fruit with six duplicates on different fruits.
Respiration and Ethylene.
The respiration rate and ethylene production were quantified using a static system [21] that is comprised of placing an intact fruit with a known mass in containers with a known volume (4 L) and hermetically sealing for 1 h. Subsequently, a 1 mL sample of air was taken from the headspace and injected into an Agilent Technologies 7890A GC Wilmington, USA gas chromatograph, with an open type column and a porous silica cap seal simultaneously connected to a thermal conductivity detector and a flame ionization detector at a temperature of 170 ∘ C. The injector and chromatograph oven maintained a temperature of 150 and 80 ∘ C throughout the evaluations. Nitrogen was used as a carrier gas throughout the assay. Calibration gas standards (INFRA5) at a concentration of 460 and 100 mg L −1 , respectively, were used for the quantification of CO 2 and ethylene.
Weight Loss.
The loss of mass was determined using a digital scale (Scout Pro SP2001, OHAUS5, New Jersey, USA) to measure the mass of each individual soursop fruit. The loss of accumulated mass was reported by percentage (%) relative to the initial mass of the fruit and the mass recorded in each evaluation. To obtain the percentage of accumulated weight, the following formula was used: Mf − Mi/Mi × 100, where Mf is final mass and Mi is initial mass.
Firmness.
Firmness was quantified for each individual fruit using the equatorial part of the epidermis on two opposite sides. A tensile and compression testing device (SM-100N-168, Ametek and Chatillon5, Florida, USA) was used with a cone probe, which had a 6 mm base diameter and was 5 mm in length from the base of the cone to the apex.
Total Soluble Solids (TSS). The total soluble solids (TSS)
were determined by directly placing drops of fruit juice extracted with a manual juice press in a Hanna5 HI 96801 USA refractometer (0 to 85% Brix) previously calibrated with distilled water, the results of which were expressed in Brix degrees.
Titratable Acidity.
The titratable acidity was determined by the official method AOAC [22] , which consists in homogenizing 1 g of pulp with 10 mL of distilled water, the macerate was filtered with a blanket, and 5 mL aliquots of the filtrate were taken. Subsequently the volumetric titration was done with sodium hydroxide (0.1 N NaOH) and phenolphthalein as indicator; the results were expressed as a percentage of ascorbic acid.
Total Phenolic Compounds.
The total phenol content was determined using the method proposed by Singleton et al. [23] . For this, 1 g of pulp was homogenized with distilled water using an Ultraturrax (T8 IKA5 Staufen, Germany), after which the homogenized liquid was filtered, from which 0.5 mL of the filtered liquid was taken using 2.5 mL of FolinCiocalteu reagent (diluted 1 : 10 with distilled water) and left to stand for 5 min, to which 2 mL of sodium carbonate was added 7.5% (p/v). The absorbency of the solution at 760 nm was then measured. The total phenol content was obtained with a calibration curve using gallic acid (10-100 mg L −1 ) and expressed as mg equivalents of gallic acid (mg EGA/100 g of fresh weight).
Polyphenol Oxidase (EC. 1.14.18.1; PPO).
The polyphenol oxidase activity (EC. 1.14.18.1; PPO) was undertaken by homogenizing 1 g of pulp with 7 mL of cold Tris-HCl 0.1 M buffer (pH 7.1), using a tissue homogenizer. Throughout this procedure, the samples were kept in trays with ice and then centrifuged (Z326K Hermle, Wehingen, Germany) for 20 min at 18510 g and 4 ∘ C. The polyphenol oxidase activity assay (EC. 1.14.18.1; PPO) was undertaken as described by Tejacal et al. [24] , where 2.8 mL of catechol dissolved in Tris-HCl solution and 0.2 mL of supernatant was placed in a 3 mL quartz cell, in order to determine the change in absorbance over 5 min. The results were reported as units of enzymatic activity per milligram of protein (U mg −1 of protein), in which a U was defined as a 0.001 change in absorbance. The soluble protein was determined with the Bradford [25] method, using the liquid filtered from the extraction of the PPO enzyme.
Pectin Methylesterase (EC. 3.1.1.11; PME).
The determination of the activity of the enzyme pectin methylesterase (EC. 3.1.1.11; PME) began with the extraction of the same, homogenizing 1 g of pulp with 13 mL of a sodium chloride (NaCl) solution with an 8.8% (p/v) concentration for 3 min, after which the mixture was centrifuged (Z326K Hermle, Wehingen, Germany) at 18510 g for 20 min at 4 ∘ C. The pH of the supernatant obtained was adjusted to 7.5 with NaOH (0.1 N). To determine PME activity, 100 L of the supernatant was taken, to which the following was added: 200 L of NaCl 0.15 M solution; 200 L of distilled water; 100 L of bromothymol blue solution at 0.01%; and 1000 L of pectin solution (0.01%), adjusted to a pH of 7.5 with NaOH (0.1 N). The absorbance was taken using a wavelength of 620 nm, for 0 and 5 min. The results were reported as units of enzymatic activity per milligram of protein (U mg −1 of protein), where one U is equal to the formation of 1 mol of D-Galacturonic acid per minute [26] . The soluble protein was determined with the Bradford [25] method, using the extract to evaluate PME activity.
The data analysis was performed using ANOVA and Tukey's method comparison ( ≤ 0.05) with the SAS5 version 9.2 statistical package (Copyright© 2009, SAS Institute Inc., Cary, North Carolina, USA), using the general linear model (GLM) procedure as indicated by Castillo [27] .
Results and Discussion

Respiration and Ethylene. Respiration of the fruits stored at 22
∘ C from the G1 and G2 selections increased during the evaluation period, reaching a maximum 5 days after the evaluation began (Figure 1(a) ).
Espinosa et al. [11] determined the maximum respiration production on the 4th day of storing soursop fruits at 25 ∘ C. Worrell et al. [20] indicate that the respiration of the soursop is biphasic; namely, it passes through two periods of identified respiration. The foregoing can be attributed to differences in the physiological ages of the tissues of the different fertilized ovaries. The increase in the initial respiration rate is due to the increase in the mitochondrial respiration caused by the increase in the supply of carboxylated substrates, itself likely induced by the act of harvesting [28] . Both this research and that reported by Espinosa et al. [11] did not clearly detect biphasic respiration, which is probably due to the measurement intervals of 24 h used in both studies.
The soursop fruits from both selections, G1 and G2, reached the maximum CO 2 production two days after the storage period (Figure 1(a) ). No differences were detected ( ≥ 0.05) in the respiration rate between the two selections when stored at a low temperature (Figure 1(a) ).
Espinosa et al. [11] stored soursop fruits at 16 ∘ C, measuring a lower respiration rate than those stored at 25 ∘ C. In this study, the fruit stored at 15 ∘ C and then transferred to storage at 22 ∘ C demonstrated similar respiration values to those maintained at 22 ∘ C (Figure 1(a) ).
Weight Loss.
The soursop fruit from selections G1 and G2 stored at 22 ∘ C underwent a daily mass loss of 1.41 and 1.34%, respectively (Figure 2(a) ). This loss of mass accumulated during ripening was between 6.7 and 7.1%, with no significant differences detected between ( ≥ 0.05) the selections (Figure 2(a) ).
The fruit stored at 15 ∘ C for 4 days presented a loss of accumulated mass of between 2.3 and 2.7% by the end of storage (Figure 2(a) ). During the period subsequent to storage, the daily mass loss was significantly greater in the fruits from selection G1 (1.9% d −1 ) than those from selection G2 (0.8% d −1 ), accumulating, by the end of the evaluation, 5.9 and 4.7% of mass loss, respectively (Figure 2(a) ). Lima and Alves [5] indicate that postharvest losses of soursop fruit mass of between 4.6 and 11.8% did not cause wilting, although the spines did become flaccid and dark. Lima et al. [29] report daily mass losses in soursop fruits farmed in Brazil of 1.0% and losses of accumulated mass of 5.1% after 5 days at 26.3 ± 0.6 and 88 ± 12% of RH. The results obtained indicate that when stored at ambient temperatures, the selections of soursop present behavior similar to the fruit stored at 15 ∘ C for 4 days in terms of mass loss. However, after refrigeration, a differential response was observed between the selections Journal of Food Quality evaluated; in that selection G2 presented a lower level of mass loss compared to selection G1.
Firmness.
The firmness of the fruit from selections G1 and G2 stored at 22 ∘ C decreased constantly, presenting, at the beginning of harvest, average values of between 104.2 and 113.7 N, while, 6 days later, on ripening, firmness decreased by 93.51%, between 7.8 and 8.4 N (Figure 2(b) ). Márquez-Cardozo et al. [30] report that soursop cv. Elita presented values of 80 N at harvest, with the maximum rate of firmness loss occurring between 2 and 4 days after harvest. On the fifth day of evaluation, the ripened fruit presented between 4.72 and 7.48 N. Espinosa et al. [11] , in their research on a soursop cultivar in Nayarit, Mexico, report firmness of 313 N at the point of harvest and of 5.3 N after 4 to 5 days at a temperature of 25 ∘ C and 85-90% RH. The results obtained in this research indicate that that the loss of firmness is similar in both selections evaluated. This parameter presents high values at ambient temperature of between 22 and 26 ∘ C and 65 and 90% RH [11, 30] .
On completion of the refrigeration stage, the fruits from both selections demonstrated similar firmness values of between 88.2 and 98.5 N. After 6 days at ambient temperature (22 ∘ C), firmness decreased drastically to between 5.5 and 8.0 N, for G1 and G2, respectively (Figure 2(b) ). No significant differences ( ≥ 0.05) were detected between the selections evaluated for the firmness variable. Espinosa et al. [11] report that the storage of soursop at 16 ∘ C reduces the rate of firmness loss, where, by the ninth day of storage under this condition, the fruit attained ripeness of 5.1 N. These authors indicate that refrigeration decreases cellular degradation by decreasing enzymatic activity.
Total Soluble Solids (TSS).
The total soluble solids were significantly higher ( ≤ 0.05) in the G1 selection stored at 22 ∘ C in the ripening phase, reaching 16.6 ∘ Brix (Figure 2(c) ), as compared to the fruit from selection G2, which, when ripe, presented 14.5 ∘ Brix (Figure 2(c) The concentration of soluble solids was low in selection G2 (0.54 ∘ Brix) by the end of storage at 15 ∘ C compared to selection G1 (10.5 ∘ Brix). Four days after the completion of the storage period, the total soluble solid content for selection G2 (15.9 ∘ Brix) significantly increased compared to selection G1 (12.5 ∘ Brix) (Figure 2(c) ). Espinosa et al. [11] report that soursop fruit from Nayarit reaches 18 ∘ Brix after being stored at 16 ∘ C for 10 days and that the increase in total soluble solids can be attributed to the hydrolysis of starch, sucrose, pectins, and other soluble compounds such as organic acids or amino acids. The results suggest that, in refrigeration, selection G2 attained a higher soluble solid content. Statistically significant differences ( ≤ 0.05) were found between both selections.
Titratable Acidity.
The titratable acidity of the two selections of soursop increased during ripening (Figure 2(d) ). Selection G1 presented the higher titratable acidity level at 22 ∘ C, with values between 0.88 and 0.96%, while selection G2 only achieved between 0.62 and 0.71% after 4 to 6 days, respectively (Figure 2(d) ). Sacramento et al. [31] report that purple, smooth, and common soursop reported between 0.92 and 1.0% titratable acidity when ripe. Mosca et al. [34] indicate that, during ripening, the titratable acidity of the soursop fruit increases from 0.067 to 0.67% in malic acid, due to an increase in the concentration of malic and citric acid.
No differences between ( ≥ 0.05) the selections evaluated were observed in the titratable acidity content after storage at 15 ∘ C for 4 days (Figure 2(d) ). Espinosa et al. [11] indicate that titratable acidity is maintained at 0.67% after 10 days at 16 ∘ C, which they attribute to refrigeration. Titratable acidity increased in this study after the completion of storage at 15 ∘ C, presenting values similar to those reported in the literature (Figure 2(d) ).
Chilling Injury. The groups of fruit G1 and G2 stored at 15
∘ C and then transferred to a temperature of 22 ∘ C did not suffer chilling injury and then ripened normally without presenting any pulp or peel damage, and, furthermore, did not demonstrate aromas characteristic of fermented fruit. The symptoms of chilling injury in the fruit of the soursop are as follows: darkening of the peel; inability to ripen; discoloration of the pulp; the maintenance or increase in pulp firmness; internal decomposition; loss of ripening capacity; and increased senescence [1] . There are reports of fruit stored at 15 ∘ C suffering chilling injury [15] , which does not concur with what is reported in this study. This is likely due to the fact that the fruits were harvested at an advanced stage of ripening; in that if they are harvested before physiological maturity, there is a greater susceptibility to chilling injury [15] .
Total Phenolic
Compounds. The fruit exposed to 22 ± 2 ∘ C from selection G1 presented a higher concentration of phenols (74.20 mg GAE/100 g.f.w.) compared to the fruit from selection G2 (63.05 mg GAE/100 g.f.w.) at the beginning of the experiment (Figure 3(a) ). No significant changes were observed ( ≥ 0.05) in the concentration of total phenols during the ripening of selection G2, which was not the case with the fruit from selection G1, in which a drastic decrease to values of 64.09 mg GAE/100 g.f.w. was observed on the sixth day of evaluation (Figure 3(a) ). In fruit cultivated in Sri Lanka, Padmini et al. [35] [36] , while in Mexico, Moreno-Hernández et al. [37] report values of 2.55 mg per 100 g dry weight. Da Silva et al. [38] report values of 2886.6 ± 119.0 mg per 100 g dry weight for total phenols in the pulp of soursop grown in Brazil. The difference in values in terms of the total phenol content is attributed to the different methods of extraction and the kinds of fresh and dry material used. Recently, Jiménez et al. [7] identified 16 phenolic compounds in soursop pulp, where the principal phenols are derived from cinnamic acid and p-coumaric acid, the consumption of which has been determined to be of benefit to human health. Subsequent studies will need to identify what happens with the phenols from selections G1 and G2 and the effect of postharvest technologies on these molecules.
The fruit from the selections G1 and G2 stored at 15 ∘ C for 4 days and subsequently exposed at 22 ∘ C presented initial concentrations of 73.76 (G1) and 66.24 GAE/100 g.f.w. (G2), respectively (Figure 3(a) ). Subsequently, the concentration of phenols in both selections decreased to 58.49 and 44.94 GAE/100 g.f.w. (Figure 3(a) ). An analysis of variance detected significant differences between both selections ( ≤ 0.05). Moreno-Hernández et al. [37] reported concentrations of phenolic compounds of 2.61 g GAE/100 g of dry weight for fruits from Compostela, Nayarit, which were stored at 16 ∘ C. These differences in total phenol concentration could be influenced by geographical origin, cultivar, harvesting, and storage time, as well as the sample extraction methods [39] .
Polyphenol Oxidase (EC. 1.14.18.1; PPO).
As the enzymatic activity of PPO increased during the ripening of the fruit stored at 22 ∘ C, the fruit from selection G1 increased initial activity from 4.97 to 8.64 U on the sixth day (Figure 3(b) ), while the fruit from selection G2 initially presented activity of 3.0 U, which increased to 10.62 U by the sixth day (Figure 3(b) ). Selection G1 presented significantly ( ≤ 0.05) greater enzymatic activity for PPO than selection G2 (Figure 3(b) ). Studies undertaken by de Lima et al. [32] indicate that, during ripening, the enzymatic activity of PPO in soursop fruit increases from the first to the fourth day of evaluation. Lima De Oliviera et al. [40] report that the activity of polyphenol oxidase is low in totally ripe fruit, which is attributed to the low likelihood of darkening, as the ripening process advances. While darkening of the soursop fruit pulp from both selections studied in this investigation was not quantifiable, a low but significant correlation ( * ≤ 0.05) was observed between the total phenol content and polyphenol oxidase ( = −0.27 * ). Selections G1 and G2 stored at 15 ∘ C for 4 days and transferred to 22 ∘ C registered an increase from 2.83 to 10.29 U (G1) and from 9.32 to 12.81 U (G2) (Figure 3(b) ). The analysis of variance determined significant differences ( ≤ 0.05) between the selections (Figure 3(b) ). There are no reports on the behavior of the PPO enzyme in soursop fruits stored at refrigeration temperatures; selection G2 demonstrated a higher level of activity in this study, an important parameter to consider in selecting materials for fresh consumption or industrialization. (EC. 3.1.1.11 ; PME). During the ripening of fruit stored at 22 ∘ C, the PME activity of selection (Figure 3(c) ). The PME activity in fruit from selection G2 registered an increase from 17.39 to 128.47 U (86.46%) by the fourth day, after which activity decreased to 54.61 U (Figure 3(a) ). Studies on PME activity in the soursop are rare, with reports indicating that PME activity increases when the fruit attains ripeness compared to fruit that is physiologically mature, due to the degradation of pectic substances [29] . PME catalyzes the hydrolysis of pectin methyl esters, due to the fact that it decreases the degree of esterification, reducing intercellular adhesion and tissue stiffness [41] . PME activity correlates negatively ( * * * ≤ 0.001) and significantly ( = −0.65 * * * ) with firmness. Thus, with a high level of firmness, PME activity was low, while when PME activity was high, firmness was low. The enzymatic activity of PME in the fruit stored at 15
Pectin Methylesterase
∘ C from selection G1 demonstrated a 28.17% increase in PME activity, from 54.61 to 76.03 UA (Figure 3(c) ), while the activity recorded for selection G2 decreased by 12%, from 52.12 to 46.31 U (Figure 3(c) ). Significant differences ( ≤ 0.05) were found for the two groups, in which selection G2 registered a higher level of activity (Figure 3(c) ). Ketsa and Daengkanit [42] propose a correspondence between an increase in the production of ethylene and the metabolic activity of PME, which is then related to the decrease in fruit firmness. Lima et al. [29] report that the greatest increase in PME activity occurs between the third and fourth day, and, by the end of the experiment, the activity was 23 times higher than the initial level. This behavior is not always observed, in that total PME activity can decrease, remain constant, or increase during ripening, depending on the type of fruit and the extraction method.
Conclusions
The ripening of soursop fruits is characterized by the presence of maximal CO 2 and ethylene levels, with increases in the concentration of total soluble solids and titratable acidity, as well as a decrease in weight and firmness. Weight loss was seen to be affected by the storage conditions. The G1 and G2 selections stored at 15 ∘ C presented a lower level of accumulated weight loss. The G1 selection stored at 22 ∘ C demonstrated a greater concentration of total soluble solids, while the G2 selection stored at 15 ∘ C presented the highest concentration of total soluble solids. The G1 selection stored at 22 and 15 ∘ C demonstrated the highest level of titratable acidity. The concentrations of phenolic compounds decreased by the end of the ripening process, with the G2 selection exposed to 15 ∘ C presenting a lower concentration of phenolic compounds. PPO and PME activity are observed to increase during the days subsequent to harvesting, with PPO and PME activity greater in selection G2 during storage at both 22 ∘ C and 15 ∘ C. Storage at 15 ∘ C did not affect the biochemical processes related to ripening, and evaluating the variables, the fruit observed at this temperature did not present chilling injury. The shelf life of the fruit increased to up to 8 days, while conserving the organoleptic properties of ripened fruit.
